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[57] ABSTRACT 

A pressure transducer of the type which utilizes move¬ 
ment of pressure sensitive capsule to move the core of 
a linear variable differential transformer. Compensa¬ 
tion for change in the output of the linear variable dif¬ 
ferential transformer due to temperature change is ac¬ 
complished by selecting a frequency of operation to 
produce a minimum change in output signal in re¬ 
sponse to temperature change. The linear variable dif¬ 
ferential transformer has a core which is fixed by ad¬ 
hesive to a compressed bifurcated shaft along only a 
portion of the area of contact therebetween. The shaft 
is fixed to the capsule at one side thereof by adhesive, 
the other side of the capsule being fixed to a capsule 
support plate by adhesive. 

11 Claims, 9 Drawing Figures 
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PRESSURE TRANSDUCER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 5 

This invention relates to pressure transducers of the 

type utilizing movement of a pressure sensitive capsule 
to move the core of a linear variable differential trans¬ 
former, and, more particularly, to the compensating of 
the output of such a transformer for change in output 10 
signal as a result of change in temperature. 

2. Description of the Prior Art 

The use of linear variable differential transformers in 
pressure transducers by having the transformer core 
coupled to the pressure sensor is well known. An exam- 15 
pie of such a device is shown in U.S. Pat. No. 
3,600,669. In such a device, a change in environmental 
temperature produces a change in the output of the 
transducer due solely to temperature. Various types of 
temperature compensation have been used heretofore, 20 
but all, if effective, have been comparatively costly. 
This change is principally a result of the change in out¬ 
put of the linear variable differential transformer. Con¬ 
sequently, such devices have not been useful over wide 
ranges of temperatures, as their output is temperature 25 
dependent as well as pressure dependent. In addition, 
such devices have been comparatively costly, being as¬ 
sembled on an individual basis and calibrated individu¬ 
ally for zero calibration. The pressure sensitive cap¬ 
sules have been costly to produce, requiring extensive 30 
processing to reduce their temperature dependence 
and, if evacuated, provide the proper pressure differen¬ 
tial after fabrication. Conventionally, such capsules 
have been formed by arc welding of two capsule halves, 
which have previously been formed and fittings at- 35 
tached for core shaft attachment and structural mount¬ 
ing. Two capsule halves are then welded and subse¬ 
quently heat treated. Thereafter, the capsule is evacu¬ 
ated through an aperture in the fitting. This aperture 
must then be sealed. The welding produces stresses in 40 
the capsule which create pressure measurement inac¬ 
curacies, and, as the capsule has been evacuated, the 
stresses are not readily removed by heat treating. 

Because of the inherent characteristics of the prior 
art transducers, it has been impossible to produce a 45 
low-cost pressure sensor of appreciable accuracy. Each 
transducer has been essentially hand made and individ¬ 
ually tested and adjusted. Therefore, pressure trans¬ 
ducers of good accuracy over a wide temperature range 
have been costly and time consuming to make and gen¬ 
erally, therefore, have not been available at a low price, 
such as would be required in order to make economi¬ 
cally practical a device of the required accuracy for 
wide spread use. 
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SUMMARY 


In the transducer of the present invention, a linear 
variable differential transformer has its secondary 
windings connected in series with a capacitor to form 
a resonant circuit, the output of which is demodulated 
by a voltage doubler type demodulator. The excitation 
to the primary windings of the linear variable differen¬ 
tial transformer is provided by a oscillator whose nomi¬ 
nal output frequency is preselected, with respect to the 65 
resonant frequency, to provide a minimum change in 
output signal due to change in the environmental tem¬ 
perature of the transducer. In a particular embodiment, 


the oscillator output frequency is temperature depen¬ 
dent and is selected, so that a change in frequency of 
the oscillator produces a change in the magnitude of 
the output of the resonant circuit which compensates 
for the change in output signal magnitude of the trans¬ 
ducer due to change in temperature. 

The transducer has a pressure sensitive capsule, 
which in the prefered embodiment is evacuated. The 
capsule is formed by the electron beam welding of two 
identical capsule halves in a vacuum, after the halves 
have been heat treated to a zero thermal coefficient of 
elasticity. A bifurcated core shaft is attached to the 
capsule by adhesive, and the transformer core placed 
about a portion of the bifurcation so as to compress the 
bifurcation to hold the core in place. The core is ulti¬ 
mately fixed to the shaft by adhesive at only a portion 
of the area of contact therebetween, preferably that 
portion closest to the capsule. The capsule is attached 
to a capsule support plate, which mates in a press-fit 
with a portion of the housing so as to form a pressure 
chamber into which the pressure to be monitored may 
be introduced and align the core, carried by a shaft at¬ 
tached to the capsule, with the transformer. The trans- 
fomer primary windings are then excited, a predeter¬ 
mined pressure applied to the chamber and the position 
of the core adjusted, by means of the press-fit, to pro¬ 
duce an output signal corresponding to the pressure ap¬ 
plied, in order to zero-calibrate the transducer. 

The electronic components of the transducer are di¬ 
vided between two printed circuit boards in order to 
reduce the space required therefor. The printed circuit 
boards are mounted at right angles to one another in 
the transducer. During fabrication, the printed circuit 
boards are held in this relative disposition by means of 
a multi-fingered metallic spring, whose fingers extend 
through apertures in the boards. During fabrication, 
the fingers are soldered into the printed circuitry on the 
boards to provide for electrical interconnection there¬ 
between. The spring base is then sheared off, leaving 
the fingers as separate, electrically independent, con¬ 
nections between the two boards. 

BRIEF DESCRIPTION OF THE DRAWING 

The invention may be more readily understood by re¬ 
ferring to the accompanying drawing in which 

FIG. 1 is a view, in cross section, of the pressure 
transducer of the present invention; 

FIG. 2 is a schematic diagram of the electronic cir¬ 
cuitry in the preferred embodiment of the invention; 

FIG. 3 is a graphical representation of the variation 
of transducer output with frequency for the embodi¬ 
ment of FIG. 2 at various temperatures; 

FIG. 4 is a graphical representation of the relation¬ 
ship between output magnitude and frequency derived 
from FIG. 3; 

FIG. 5 is a view, partially in section, illustrating the 
initiation of the press-fit engagement between the 
transducer housing and capsule support plate; 

FIG. 6 is a view, partially in section, illustrating the 
completed press-fit engagement illustrated in FIG. 5; 

FIG. 7 is a view, in section, of an alternate embodi¬ 
ment of core shaft; 

FIG. 8 is an end view of the printed circuit boards in 
the process of assembly; and 

FIG. 9 is a side elevation of a portion of the printed 
circuit boards of FIG. 8 after completion of assembly. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to FIG. 1, there is shown in cross sec¬ 
tion the preferred embodiment of the present inven¬ 
tion. In FIG. 1, a pressure transducer 10 has a housing 
12 within which the transducer is disposed, together 
with its associated electronic circuitry. The electronic 
circuitry is shown as mounted on a pair of printed cir¬ 
cuit boards 14, 16. The transducer has an evacuated 
capsule 18 which is mounted on a capsule support plate 
20. Attached to the capsule 18 is a core shaft 22. A lin¬ 
ear variable differential transformer 24 is enclosed in 
a transformer case 26 which abuts a front face 28 on 
the housing 12. The transformer 24 includes a bobbin 
30 having a bifilar primary winding 32, a first secon¬ 
dary winding 34, a second secondary winding 36 and a 
drive winding 38 formed thereon. The transformer 24 
is held in position within the housing 12 at one end by 
a bobbin tube 40 extending through the bobbin 30 and 
an appropriate aperture in the printed circuit board 16. 
The bobbin tube 40 is closed by an end plug 42. The 
opposite end of the bobbin tube 40 is open, and extends 
through an aperture in the front face 28. The bobbin 
tube 40, bobbin 30 and transformer case 26 are all 
bonded to the front face 28 by any conventional means. 
For example, a heat-cured epoxy resin can be used. 

The core shaft 22 extends through the open end of 
the bobbin tube, and has mounted thereon a core 44 
for the transformer. Extending from the printed circuit 
board 14 through the housing 12 and insulated there¬ 
from are electrical terminals 46, only two of which are 
shown. Input and output terminals 46 extend through 
a terminal support plate 48 and are connected to the 
printed circuit board 14 to provide electrical input and 
output signals for the transducer. The capsule support 
plate 20, to which the capsule 18 is attached by bond¬ 
ing, is sealed to the housing 12 so as to provide a space 
50 within which the capsule 18 is contained. An inlet 
passageway 52, formed in a pressure inlet 54, is utilized 
to communicate the pressure or vacuum to be applied 
to the capsule 18 from the pressure or vacuum source. 

Referring now to FIG. 2, there is shown a schematic 
diagram of the preferred embodiment of electronic cir¬ 
cuitry for use in the practice of the invention. The cir¬ 
cuitry in FIG. 2 consists generally of an oscillator 60, 
the linear variable differential transformer 24 and a de¬ 
modulator 62. An input potential, which may be a nom¬ 
inal 12 volts DC, for example, is applied to a pair of 
input terminals 46A, 46B with the polarity indicated. 
Connected between the input terminal 46A and the os¬ 
cillator 60 is a gain control resistor 64. Connected be¬ 
tween the gain control resistor 64 and the input termi¬ 
nal 46B is an AC bypass capacitor 66. 

The oscillator 60 is a conventional astable or free 
running multivibrator in the preferred embodiment, 
having transistor pairs 68, diode pairs 70, capacitor 
pairs 72, and resistor pairs 74 and 76. A frequency con¬ 
trol resistor 78 is connected between the gain control 
resistor 64 and resistors 76 and provides for a fine fre¬ 
quency control, as will be described hereinafter. A cur¬ 
rent limiting resistor 80 is connected between the gain 
control resistor 64 and the junction of bifilar primary 
windings 32A, 32B. The windings 32A, 32B are con¬ 
nected in series between the current limiting resistor 80 
and the collectors of the transistors 68. 
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The linear variable differential transformer secon¬ 
dary windings 34, 36 are differentially connected be¬ 
tween a series capacitor 82 and the drive winding 38. 
The demodulator circuit 62, in addition to the drive 
5 winding 38 and series capacitor 82, includes a resistor 
84, a first demodulator transistor 86, a second demodu¬ 
lator transistor 88 and an output circuit capacitor 90. 
The potential to which the output circuit capacitor 90 
is charged appears across output terminals 46C, 46D 
1° with the polarity indicated. 

The operation of the circuit of FIG. 2 will now be de¬ 
scribed. Application to the input terminals 46A, 46B of 
a 12 volt DC potential initiates oscillation of the oscilla¬ 
tor 60 at a predetermined frequency, so as to excite the 
15 primary windings 32A, 32B of the linear variable differ¬ 
ential transformer. Excitation of the primary windings 
32A, 32B induces an output signal in the secondary 
windings 34,36, as well as in the drive winding 38. As¬ 
sume initially that the signal induced in the secondary 
20 windings 34,36 is such that the potential existing at the 
junction between the secondary winding 36 and the 
drive winding 38 is negative with respect to the poten¬ 
tial existing at the junction between the secondary 
25 winding 34 and the series capacitor 82. The signal ex¬ 
isting at the junction between the drive winding 38 and 
resistor 84 is applied through the resistor 84 to the 
bases of the transistors 86, 88 and is more negative in 
potential than the signal existing at the junction be- 
3 Q tween the drive winding 38 and secondary winding 36, 
which potential is applied to the emitters of the transis¬ 
tors 86, 88. Consequently, transistor 88 conducts and 
transistor 86 is non-conducting. Conduction of transis¬ 
tor 88 charged capacitor 82. 

35 When the reverse polarity exists in the output wind¬ 
ings 34,36 and drive winding 38, the potential relation¬ 
ship is reversed, transistor 88 is non-conducting, and 
transistor 86 conducts, causing the charge on the series 
capacitor 82 as well as potential difference across the 
40 secondary windings 34, 36 to charge the output circuit 
capacitor 90. The output circuit capacitor 90 therefor 
rapidly builds up to a nominal output potential which 
is approximately double the peak value of the potential 
difference across the secondary windings 34, 36. This 
45 nominal output potential is applied to the output termi¬ 
nals 46C, 46D. 

In one practical embodiment of the circuit of FIG. 2, 
capacitor 66 is 4.7 microfarads, capacitors 72 are 
0.033 microfarads, capacitor 82 is 0.015 microfarads, 
50 and capacitor 90 is 4.7 microfarads; resistors 74 are 
5,620 ohms, resistors 76 are 7,500 ohms, resistor 80 is 
100 ohms and resistor 84 is 3,300 ohms; diodes 70 are 
type IN914, transistors 68 and 86 are type 2N3904, 
and transistor 88 is type 2N3906; the transformer pri- 
55 mary windings 32A, 32B each consist of 1,070 turns of 
number 40 AWG magnet wire, the secondary windings 
34,36 each consists of 1,300 turns of number 40 AWG 
magnet wire, and the inner diameter of the primary and 
secondary windings is 0.220 inches, the primary wind- 
0 ings being 0.350 inches in width and the secondary 
windings being 0.200 inches in width. The drive wind¬ 
ing 38 consists of 350 turns of number 40 AWG magnet 
wire and is wound on the primary windings 32A, 32B 
65 and insulated therefrom by insulation of 0.001 inch 
thickness. The capacitors 72, 82 preferably are poly¬ 
carbonate or similaiKtow temperature coefficient ca¬ 
pacitors. The resistors, other than resistor 84, prefera- 
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bly are metal film resistors to provide a low tempera¬ 
ture coefficient. 

In such an embodiment, the output frequency of the 
oscillator is appxoximately 7,500 Hz. The combined 
inductance of the serially connected secondary wind¬ 
ings 34,36 is approximately 35 millihenries. The secon¬ 
dary windings 34, 36, together with the output capaci¬ 
tor 82, form a series resonant circuit whose resonant 
frequency is approximately 7,200 Hz. 

The voltage drop across the gain control resistor 64 
is a function of the input voltage and the current drawn 
by the oscillator. The voltage drop across the gain con¬ 
trol resistor 64 therefore controls the slope of the 
AE/AP curve to provide a desired nominal gain slope to 
compensate for component variations in production. 
Therefore, a change in the magnitude of the gain con¬ 
trol resistor 64 can be utilized to decrease the overall 
sensitivity of the circuitry as may be required in order 
to meet specific accuracy tolerances for the device. 

It is well known that the output of a linear variable 
differential transformer varies with the temperature of 
the transformer environment. This change in trans¬ 
former output is the result of a number of individual pa¬ 
rameters. Oscillators of the general type such as shown 
in FIG. 2 as the oscillator 60 usually increases in output 
frequency with respect to an increase in temperature, 
within the limits normally encountered in circuit opera¬ 
tion. The particular electronic configuration shown in 
FIG. 2 exhibits such an increase due to a variety of pa¬ 
rameters. 

In FIG. 3, there is shown the relationship between 
frequency and magnitude of transducer output at tem¬ 
peratures of minus 20° Fahrenheit, 70° Fahrenheit and 
180° Fahrenheit. As will be seen, the output of the 
transducer is identical for all three temperature condi¬ 
tions at only one frequency, approximately 7,280 Hz. 
However, the oscillator of FIG. 2 is temperature sensi¬ 
tive as to both frequency and output signal magnitude. 
In other words, if the temperature of the oscillator of 
FIG. 2 is maintained constant, and the frequency var¬ 
ied, the magnitude of the output of the oscillator signal, 
applied to the windings 32A, 32B, will vary. Also, if the 
frequency of the oscillator is maintained constant, but 
the temperature changed, the magnitude of the signal 
applied to the windings 32A, 32B will change. There¬ 
fore, if the transducer illustrated as the preferred em¬ 
bodiment were operated at 7,280 Hz, at 70° Fahren¬ 
heit, and then the temperature of the oscillator 
changed to 180° Fahrenheit, the output of the trans¬ 
ducer would change, since the temperature change 
would result in a change in frequency of oscillator op¬ 
eration. 

In order to determine the particular frequency which 
is the optimum operating frequency for the oscillator, 
with respect to minimum overall transducer output sig¬ 
nal change due to temperature change, it is necessary 
to determine the relationship between temperature and 
output change for the transducer. FIG. 4 is a graphical 
representation of this relationship. The information 
contained in FIG. 3 was derived, utilizing the circuit of 
FIG. 2, by changing the value of the resistor 78 in 50 
ohm increments. The actual frequencies which re¬ 
sulted, with a particular resistor value for resistor 78, 
at the three temperatures of FIG. 3, are shown in FIG. 
3, These frequencies, and the outputs which result at 
the three temperatures, are utilized to provide the in¬ 
formation contained in FIG. 4. 
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As is shown in FIG. 4, for the particular embodiment 
of circuitry of FIG. 2 and the transformer utilized, mini¬ 
mum overall change in output signal with temperature, 
taking 70° Fahrenheit as a reference, occurs at a fre- 
5 quency of approximately 7,450 Hz, although a range of 
frequencies from 7,400 to 7,500 Hz provides a gener¬ 
ally minimum deviation with respect to the 70° temper¬ 
ature. At 7,450 Hz, the deviation at any temperature 
between minus 20° Fahrenheit and 180° Fahrenheit is 
10 less than about 5 millivolts maximum for an output sig¬ 
nal of about 2.450 volts, or an error of 0.2 percent. 
Such an error is less than the tolerance as to electrical 
characteristics of the individual oscillator and trans¬ 
former components. 

15 In the practice of the invention, in its method aspects, 
it is necessary to make the determination set out with 
respect to FIG. 4, l.e., a determination of that fre¬ 
quency at which transducer output deviation with re¬ 
spect to temperature is a minimum. Having determined 
20 this frequency, the resistor 78 is selected to provide an 
oscillator output frequency corresponding thereto. 

One of the specific advantages the present invention 
provides is a method for low-cost production of trans¬ 
ducers which compensate for temperature variation. 
25 Once a particular design of transducer has been fixed, 
including the electronic and mechanical components, 
the determination for a “master” transducer as to opti¬ 
mum operation frequency is made as has been hereto¬ 
fore described. For other transducers in the production 
30 run, the optimum frequency of operation for minimum 
deviation with respect to temperature may vary from 
transducer to transducer. Individual transducers may 
exhibit a shift in frequency for the relationship shown 
in FIG. 3, but all will exhibit substantially identical 
35 curves. 

In the mass production of the transducers, after the 
FIG. 3 characteristics have been determined for the 
master transducer, the frequency at which the output 
peak occurs at 70° Fahrenheit is apparent. In FIG. 3, 
40 such a peak occurs at approximately 7,030 Hz. The 
value of the resistor 78 which provides the peak output 
is therefore determined. This resistance value is com¬ 
pared to the value of resistance required to provide the 
output frequency from FIG. 4 for minimum deviation 
45 with temperature. The difference in the required resis¬ 
tance for peak and minimum variation with tempera¬ 
ture is thereby determined. In the particular example 
given, peak output occurred for a resistor 78 value of 
215 ohms, and minimum deviation, with 150 ohms, giv- 
0 ing a difference of 65 ohms. This value will be the same 
for all transducers in the production run, within the 
permissible frequency range for minimum deviation. 

For the succeeding transducers in the production 
55 run, the peak output frequency of an individual trans¬ 
ducer is determined at room temperature. The value of 
the resistor 78 required to produce the peak is then 
changed by the value theretofore determined by the 
master transducer as required to shift output frequency 
60 from peak to minimum temperature deviation. In the 
particular example given, the resistance value would be 
decreased by about 65 ohms. The production line 
transducer is then provided with such a value for resis¬ 
tor 78, providing a shift in the frequency of the oscilla- 
65 tor to the desired frequency for minimum deviation. 

Depending upon the tolerance of the components 
and the accuracy required, such a determination may 
be made either as to all production line transducers, or 
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to any selected percentage thereof during production. 

In either event, the necessity of the prior art devices for 
individually calibrating each transducer through the 
temperature range of operation to be encountered is 
eliminated. In other words, in producing prior art trans- 5 
ducers, it was necessary, for a comparable transducer, 
to subject each transducer individually to the range of 
from minus 20° Fahrenheit to 180° Fahrenheit to pro¬ 
vide calibration for output deviations due to tempera¬ 
ture. Such obviously is an extremely time consuming 10 
and expensive task, adding greatly to the cost of the 
transducer. In the practice of the present invention, it 
is only necessary to make one determination, readily 
made by using a resistance decade box, of peak trans¬ 
ducer output signal at room temperature. The resis- 15 
tance indicated in the decade box for peak output is 
then changed by a predetermined amount of resistance, 
and the appropriate value resistor utilized as a resistor 
78 for the individual production transducer. 

In the particular embodiment of oscillator illustrated 20 
in FIG. 2, the oscillator is temperature dependent, in 
that it shifts in frequency with respect to a change in 
temperature. If an oscillator is utilized which, by reason 
of design either does not change its output Frequency 
with temperature or is maintained at a constant tern- 25 
perature while the transformer is subjected to a tem¬ 
perature change, output characteristics similar to that 
illustrated in FIG. 3 will again result. However, the fre¬ 
quency selected for oscillator operation will be that fre¬ 
quency at which, in the depiction according to FIG. 3, 30 
the various output signal curves intersect. In such an 
embodiment, it is not necessary to make the additional 
determination according to FIG. 4, since that fre¬ 
quency which the FIG, 4 determination would provide 
is shown in the FIG. 3 depiction as the point of intersec- 35 
tion of the curves. 

Referring now to FIG. 5, there is shown, in section, 
a partial view of the housing 12 and the capsule support 
plate 20, illustrating the manner in which the capsule 
support plate is fitted into the housing. The capsule 40 
support plate 20 has a depending peripheral flange 92 
which encloses the capsule 18. The housing 12 has a 
similar’ peripheral flange 94, of slightly greater outer 
diameter than the outer diameter of the flange 92. The 
outer diameter of the flange 92, however, is slightly 
greater than the inner diameter of the flange 94. The 
flange 94 terminates in a lip 96 and has a cylindrical re¬ 
cess 98 inward of the lip 96 formed by any conven¬ 
tional means. For example, the cylindrical recess may 
be formed by milling after the housing 12 has been cast. 
The outer diameter of the flange 92 is slightly less than 
the diameter at the recess 98, but exceeds the diameter 
of the cylindrical flange portion 100 inward from the 
recess 98. The recess 98 and central flange portion 100 55 
meet at a shoulder 102. 

In FIG. 5, the capsule support plate is shown as being 
inserted into the housing peripheral flange 94 to the ex¬ 
tent that it is adjacent the cylindrical recess 98 but has 
not reached the shoulder 102. The core shaft 22 termi- 6Q 
nates in a base plate 104 which is attached to the cap¬ 
sule 18 by an appropriate adhesive, such as that hereto¬ 
fore indentified. The capsule 18 is similarly attached to 
the capsule support plate 20. The core 44 encloses the 
core shaft 22, which is of bifurcated configuration and 65 
is held is slight compression by the core 44. An adhe¬ 
sive is applied at the termination of the core 44 in the 
area nearest the capsule 18, as is shown by the adhesive 
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106, in order to fix the core to the shaft. Preferably, the 
adhesive is attached only to this contact area between 
the core and the shaft, although the adhesive may ex¬ 
tend for a short distance within the core at this point. 
As is seen, the shaft has ends 108. 

It has been found that, if adhesive is utilized to attach 
the shaft ends 108 to the core 44, as well as use of adhe¬ 
sive at the junction 106, an unnecessarily large error 
signal output, with respect to temperature, is intro¬ 
duced into the transformer. This error signal appar¬ 
ently results from the lateral and longitudinal expan¬ 
sion of the core 44 and the shaft 22 with temperature 
change. The shaft is, of necessity, made of a material 
which does not effect the magnetic field of the trans¬ 
former, whereas the core is of necessity made of a ma¬ 
terial of high permeability. Consequently, the two ele¬ 
ments are made of dissimilar materials, and so will have 
different thermal coefficients of expansion. If the rela¬ 
tive positions of the core and shaft are fixed along a 
substantial portion of their contact, the resultant 
change in stress in the core with change in temperature 
will result in a change in the permeability of the core, 
causing an error signal. 

For the same reason, it has been found that the utili¬ 
zation of the bifurcation in the shaft, so as to permit the 
radial expansion and contraction of the core without 
appreciably stressing the core and so changing the core 
permeability, avoids introduction of an error signal in 
the transformer output. While in the preferred embodi¬ 
ment shown, the adhesive is utilized at the junction 106 
rather than the ends 108, the practice of the invention 
contemplates the utilization of adhesive at the ends 108 
only, so that the junction 106 is a friction connection 
only, and relative lateral expansion and contraction of 
the core 44 with respect to the shaft 22 may occur at 
such point. 

The core 44 is rigidly fixed laterally and axially with 
respect to the capsule support plate 20 by the shaft 22 
and the adhesive use heretofore described. Conse¬ 
quently, as the cylindrical recess 98 is only very slightly 
greater in diameter than the peripheral flange 92, the 
recess 98 provides a self-aligning feature for the core 
44. In assembly of the transducer, the bobbin 30, to¬ 
gether with the transformer windings, is mounted on 
the bobbin tube 40, and so is fixed in the required dis¬ 
position with respect to the housing 12. The capsule 
end plate 20, to which the core 44 is attached, is then 
inserted into the housing as is shown in FIG. 5, the cy¬ 
lindrical recess 98 thereby automatically aligning the 
core 44 with the bobbin tube 40 and therefore the 
transformer. As the capsule support plate 20 is pressed 
into the housing 12, a peripheral lip 110 at the end of 
the flange 92 will contact the shoulder 102. Further 
pressure upon the capsule support plate 20 will cause 
the relative deflection between the flange 92 and the 
housing peripheral flange 94, permitting the lip 110 to 
slide past the shoulder 102 into the central flange por¬ 
tion 100 so as to provide a press-fit of the plate 20 and 
the housing 12. The shoulder 102 thereupon forms a 
peripheral seal about the capsule support plate flange 
92. This movement of the capsule support plate 20 rel¬ 
ative to the housing 12 causes relative movement be¬ 
tween the core 44 and the transformer 24. 

In one aspect of the present invention, relative to the 
method of manufacture of the transducer, when the pe¬ 
ripheral seal is formed by the shoulder 102 and the 
flange 92, a vacuum is applied to the space 50 through 
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the inlet passageway 52 and the transformer is ener- at the apertures 120 to the printed circuit board 14, 
gized, producing an output signal which is a function of and the spring 124 is then sheared from the fingers 126 
the vacuum applied and the position of the core 44 rel- immediately below the printed circuit board 14. In FIG. 
ative to the transformer 24. The capsule support plate 9, the completed printed circuit board structure is 
20 is then moved further into the housing 12, while the 5 shown, illustrating the interconnection between the 
output of the transducer is monitored. When the output printed circuit boards 14, 16 by means of the fingers 
of the transducer core is to that output signal corre- 126. As is apparent in FIG. 9, the finger tips 128 are the 
sponding to the pressure being applied for the trans- termination of the fingers 126 and extend through the 
ducer design, the transformer core is so located that, apertures 122, the fingers 126 themselves extending 
upon removal of the vacuum, the transducer will be to through the apertures 120. In such a construction, dur- 
calibrated for zero and the various pressures to be mon- ing attachment of the printed circuit components to the 
itored. board, the boards are held in the proper relative dispo- 

In actual production, once this calibration point has sition to one another and, after soldering and shearing 
been achieved, it is desirable to fix the relative position of the fingers 126, the fingers provide electrical inter- 
of the capsule support plate 20 with respect to the 15 connection between the two printed circuit boards 14, 
housing 12. Therefore, adhesive is applied to either the 16. 

peripheral flange 92 or the interior of the recess 98. The capsule 18 is fabricated from iron-nickel- 
When the transducer has been calibrated, the adhesive chrominum-tungsten alloys of the type which normally 
is caused to harden, so as to fix the relative positions of exist in an annealed state and are subject to precipita- 
the housing 12 and capsule support plate 20. 20 tion hardening by heat treatment. Such alloys are de- 

Referring now to FIG. 6, there are shown the compo- scribed at page 323 of Physical Metallurgy For Engi- 
nents of FIG. 5, when fixed in position with respect to neers, by Donald S. Clark and Wilbur L. Varney, pub- 
one another. As will be seen, a relative deflection has lished by D. Van Nostrand Company, Inc., as exhibiting 
taken place between the depending peripheral flange the additional property of maintaining a constant mod- 
92 and the housing peripheral flange 94. In addition, 25 ulus of elasticity over a defined temperature range. An 
adjacent the shoulder 102 in the cylindrical recess 98, example of such an alloy which is commercially avail- 
the adhesive is shown which holds the capsule support able is marketed under the trademark NISPAN-C. 
plate 20 and housing 12 in the relative dispositions The identical capsule halves are stamped from such 
shown. a material prior to the material being heat treated. The 

Referring now to FIG. 7, there is shown an alternate 30 capsule halves are then heat treated to a zero thermo¬ 
embodiment of the capsule support plate and related elastic coefficient of elasticity, typically by being 

components. In FIG. 7, a shaft 112 is shown as an alter- heated to a temperature of 1,250° F. to 1,300° F. for a 

nate embodiment of shaft 22 shown in FIGS. 1, 5 and period of about 3 hours. The capsule halves are then 

6. The shaft 112, rather than having a bifurcation or paired together, placed in a vacuum of 50 microns and 
slot extending its entire length, has a slot 114 which ex- 35 electron beam welded around the rims thereof, so as to 
tends through only a part of the shaft 112. However, it provide a peripheral seal. By the utilization of electron 
has been found, in the practice of the invention, that it beam welding in a vacuum, an evacuated capsule is au- 
is essential that the slot 114 extends beyond the core tomatically provided. Consequently, the expensive and 
44. The core 44 and shaft 112 meet at a junction 116 time consuming prior art requirements of welding, then 

which is shown as including adhesive in order to fix the 40 evacuating and sealing the capsule, and heat treating 
core to the shaft. The shaft terminates in a base plate after welding, are avoided. 

118 which is attached to the capsule 18 by adhesive The capsule produced by the method of the present 
120. invention is quite inexpensive, quite accurate, and 

Referring now to FIG. 8, there is shown an end view readily lends itself to the attachment of the core shaft 
of the printed circuit boards 14,16 in the process of as- 45 to it by use of an adhesive and attachment of the cap- 
sembly. The printed circuit board 14 has five apertures sule itself to the capsule support plate by adhesive. In 

120, shown in dotted lines in FIG. 8, extending there- a particular embodiment in which an evacuated cap- 

through at one end thereof. Aligned with these five ap~ sule is not required, but rather a capsule which oper- 
ertures 120 and the printed circuit board 14 are five ap- ates with ambient pressure within the capsule, one of 

ertures 122 in the printed circuit board 16. Each of the 50 the capsule halves may be pierced, prior to welding, so 
five apertures 122 in the printed circuit board 16 is an that when the welded capsule is removed from the vac- 
aperture in a portion of a printed circuit contained on uum, ambient pressure is admitted into the capsule in- 
the board. The printed circuit boards 14, 16 are con- terior. In such a structure, if a pressure other than am- 
nected together by a multi-fingered spring 124 which bient is to be utilized, the capsule is subjected to the de- 
has five fingers 126. Each of the fingers 126 extends 5 sired pressure. 

through one of the apertures 120 in the printed circuit The foregoing description of the preferred embodi- 
board 14 and through one of the apertures 122 in the ment has dealt specifically with an adaptation of the in- 
printed circuit board 16. The fingers 124 terminate in vention for use in a pressure sensor. However, in the 
tips 128, which extend through the apertures 122 and 6Q broadest sense, various aspects of the present invention 
upward therefrom, as will be more apparent in FIG. 9, may be used in any type of sensor in which a linear vari- 
so as to hold the printed circuit board 16 at right angles able differential transformer is utilized. For example, 
to the printed circuit board 14 during assembly of the such transformers may be utilized for dimensional 

electronic circuit components on the boards. measurement, the displacement of the transformer 

After assembly of the components on the printed cir- 65 core indicating dimensional measurement. As such, the 
cuit boards, the finger tips 128 are soldered to the capsule 18 would not be utilized. However, the core 
printed circuits through which they extend on the shaft 22, core 44 and transformer 24 may be utililzed 
printed circuit board 16, the fingers 126 are soldered as shown in FIG. 1, with the core shaft being moved by 
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any appropriate connecting structure to provide the 
core displacement indicative of the physical dimension 
being monitored. Consequently, in its broadest aspect, 
the invention is not necessarily limited to use in pres¬ 
sure sensors of the type shown, or pressure sensors in 5 
general. Rather, as to this aspect of the invention, the 
invention pertains to compensation of a linear variable 
differential transformer output with respect to temper¬ 
ature variation. 

The invention claimed is: 10 

1. A method for temperature compensating a plural¬ 
ity of like temperature compensated pressure transduc¬ 
ers, each of the type having 
a linear variable differential transformer having a pri¬ 
mary winding, a first secondary winding, a second 15 
secondary winding and a drive winding and whose 
output signal magnitude varies with temperature; a 
series capacitor of a value preselected to provide a 
series resonant circuit with the secondary windings 
of a selected frequency; an oscillator for excitation 20 
of the primary winding of the transformer and in¬ 
cluding a frequency control resistor for determin¬ 
ing the nominal output frequency of the oscillator; 
means connecting the first secondary winding, the 
second secondary winding and the series capacitor 25 
in series to form said series resonant circuit; a de¬ 
modulator of the voltage doubler type including 
the drive winding; and means for applying the se¬ 
ries resonant circuit output to the demodulator to 
produce an output signal in response to primary 30 
winding excitation, 

in which, for a first one of said plurality of transducers, 
the two resistance values of the frequency control resis¬ 
tor which produce oscillator frequencies corresponding 
at a given pressure to the peak output signal and the 35 
output signal having minimum variation with tempera¬ 
ture for the first transducer have been determined, 
comprising: 

energizing other of the remainder of said transducers 
at a given pressure at a plurality of frequency con- 40 
trol resistor resistance values to determine the re¬ 


determining the two resistance values of the fre¬ 
quency control resistor which produce oscillator 
frequencies corresponding at a given pressure to 
the peak output signal and the output signal having 
minimum variation with temperature for the se¬ 
lected one of the remainder of the plurality of 
transducers by energizing the oscillator at a plural¬ 
ity of temperatures arid at a plurality of frequency 
control resistor resistance values; and 
thereafter reducing the value of the frequency con¬ 
trol resistor for subsequent transducers from their 
peak output value by approximately the difference 
between the peak and minimum variation resist¬ 
ances of the selected another one of the remainder 
of said transducers rather than said difference with 
respect to said first one of said transducers. 

4. A method for operating a linear variable differen¬ 
tial transformer with minimum output signal magnitude 
variation due to temperature variation comprising 

connecting the linear variable differential trans¬ 
former in an electronic circuit in which its primary 
winding is excited by an oscillator and its secon¬ 
dary windings are connected in series with a capac¬ 
itor to form a series resonant circuit whose output 
is demodulated by a demodulator of the voltage 
doubler type; 

determining the approximate oscillator frequency at 
which the demodulator output signal variation in 
magnitude with temperature is a minimum by ener¬ 
gizing said oscillator and measuring the output for 
a plurality of temperatures and frequencies at a 
given transformer input; and 
operating the oscillator at said determined fre¬ 
quency. 

5. In combination 

a linear variable differential transformer having a pri¬ 
mary winding, a first secondary winding and a sec¬ 
ond secondary winding; 

an output circuit including a series capacitor con¬ 
nected in series with the output windings to form 
a resonant circuit; 


sistance of frequency control resistances for said 
transducers which produce peak transducer out¬ 
puts at the given pressure; and 

connecting in the oscillators of said transducers fre- 45 
quency control resistors whose resistances are re¬ 
duced from their peak output resistance values by 
approximately the difference in resistance between 
the peak and minimum variation resistances of the 
first one of said transducers. 50 

2. The method of claim 1 and including the step, sub¬ 
sequent to the connecting in the oscillator of one of the 
remaining transducers of a frequency control resistor 
whose resistance is reduced from its peak output resis- 55 
tance value by said difference in resistance, of connect¬ 
ing in the oscillators for succeeding ones of said trans¬ 
ducers a frequency control resistor of the same resis¬ 
tance value as was utilized for said one of the remaining 

transducers. 60 

3. The method of claim 2, and including the steps, 

subsequent to the connecting in succeeding ones of 
said transducers of a frequency control resistor of the 
same value as for said one of the remaining transduc¬ 
ers, of 65 

selecting another one of the remainder of said plural¬ 
ity of transducers, not yet having a frequency con¬ 
trol resistor connected in its oscillator; 


a demodulator of the voltage doubler type; 
means for applying the series resonant circuit output 
to the demodulator to produce an output signal in 
response to primary winding excitation; and 
an oscillator for excitation of the primary windings at 
a frequency at which the variation in magnitude of 
the output signal with temperature is minimum. 

6 . In combination 

a linear variable differential transformer having a pri¬ 
mary winding, a first secondary winding, a second 
secondary winding and a drive winding and whose 
output signal magnitude varies with temperature; 
a series capacitor of a value preselected to provide a 
series resonant circuit with the secondary windings 
of a selected frequency; 

means connecting the first secondary winding, the 
second secondary winding and the series capacitor 
in series to form said series resonant circuit; 
a demodulator of the voltage driubler type including 
the drive winding; 

means for applying the series resonant circuit output 
to the demodulator to produce an output signal in 
response to primary winding excitation; arid 
an oscillator for excitation of the primary winding of 
the transformer at a preselected frequency, ap¬ 
proximately equal to the selected resonant fre- 
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quency, at which excitation frequency the variation 
in magnitude of the output signal with temperature 
is minimum, by means of an oscillator frequency 
control resistor whose resistance value is prese¬ 
lected to produce said excitation frequency as the 5 
oscillator output frequency. 

7. In a pressure transducer, the combination of 

a pressure sensitive capsule comprised of two capsule 
halves which have been bonded together by elec¬ 
tron beam-welding in a vacuum; 10 

a linear variable differential transformer core; 
a core shaft connected between the capsule and the 
core, said core shaft having a bifurcation such that 
the core compresses the bifurcation and the bifur¬ 
cation extends beyond one end of the core; and 15 
adhesive means which affixes the core to the shaft at 
only one location in the area of contact between 
the core and the shaft. 

8 . The combination of claim 7, and including 

a linear variable differential transformer including 20 
said core and having a primary winding, a first sec¬ 
ondary winding and a second secondary winding; 
an output circuit including a series capacitor con¬ 
nected in series with the output windings to form 
a resonant circuit; 25 

a demodulator of the voltage doubler type; 
means for applying the series resonant circuit output 
to the demodulator to produce an output signal in 
response to primary winding excitation; and 
an oscillator for excitation of the primary winding at 30 
a frequency at which the variation in magnitude of 
the output signal with temperature is minimum. 

9. The combination of claim 7, and including 

a linear variable differential transformer including 
said core and having a primary winding, a first sec- 35 
ondary winding, a second secondary winding and a 
drive winding and whose output signal magnitude 
varies with temperature; 

a series capacitor of a value preselected to provide a 
series resonant circuit with the secondary windings 40 
of a selected frequency; 

means connecting the first secondary winding, the 
second secondary winding and the series capacitor 
in series to form said series resonant circuit; 
a demodulator of the voltage double type including 45 
the drive winding; 

means for applying the series resonant circuit output 
to the demodulator to produce an output signal in 
response to primary winding excitation; and 
an oscillator for excitation of the primary winding of 50 
the transformer at a preselected frequency, aproxi- 
mately equal to the selected resonant frequency, at 
which excitation frequency the variation in magni¬ 
tude of the output signal with temperature is mini¬ 
mum, by means of an oscillator frequency control 55 
resistor whose resistance value is preselected to 
produce said excitation frequency as the oscillator 
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output frequency. 

10. A temperature compensated pressure transducer 
including a linear variable differential transformer hav¬ 
ing a primary winding, a first secondary winding, a sec¬ 
ond secondary winding and a drive winding and whose 
output signal magnitude varies with temperature; a se¬ 
ries capacitor of a value preselected to provide a series 
resonant circuit with the secondary windings of a se¬ 
lected frequency; an oscillator for excitation of the pri¬ 
mary winding of the transformer and including a fre¬ 
quency control resistor for determining the nominal 
output frequency of the oscillator; means connecting 
the first secondary winding, the second secondary 
winding and the series capacitor in series to form said 
series resonant circuit; a demodulator of the voltage 
doubler type including the drive winding; and means 
for applying the series resonant circuit output to the de¬ 
modulator to produce an output signal in response to 
primary winding excitation, produced by 

selecting a first of a plurality of said transducers as a 
reference transducer; 

determining the two resistance values of the fre¬ 
quency control resistor which produce oscillator 
frequencies corresponding at a given pressure to 
the peak output signal and the output signal having 
minimum variation with temperature for the refer¬ 
ence transducer by enerziging its oscillator at a plu¬ 
rality of temperatures and at a plurality of fre¬ 
quency control resistor resistance values; 

determining the frequency control resistance for a 
second of said transducers required to produce the 
peak transducer output at a given pressure by ener¬ 
gizing its oscillator at a plurality of frequency con¬ 
trol resistor resistance values; and 

connecting in the oscillator of the second transducer 
a frequency control resistor whose resistance is re¬ 
duced from its peak output resistance value by ap¬ 
proximately the difference in resistance between 
the peak and minimum variation resistances of the 
reference transducer. 

11. Apparatus for operating a linear variable differ¬ 
ential transformer with minimum output signal magni¬ 
tude variation due to temperature variation comprising 

means connecting the linear variable differential 
transformer in an electronic circuit in which its pri¬ 
mary winding is excited by an oscillator and its sec¬ 
ondary windings are connected in series with a ca¬ 
pacitor to form a series resonant circuit whose out¬ 
put is demodulated by a demodulator of the voltage 
doubler type; and 

means for limiting the oscillator operating frequency 
to within a selected frequency range for which the 
output signal variation in magnitude with tempera¬ 
ture is a minimum. 


60 
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